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TITLE OF THE INVENTION 

DC MOTOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This document claims priority and contains subject matter related to Japanese Patent 
Application No. 2000-174571 filed in the Japanese Patent Office on June 9, 2000, Japanese 
Patent Application No. 2000-1 74570 filed in the Japanese Patent Office on June 9, 2000, and 
Japanese Patent Application No. 2000-404949 filed in the Japanese Patent Office on 
December 29, 2000, the entire contents of which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a brushuse DC (direct current) motor, and more 
particularly relates to a compact DC motor for use in a camera, etc. 

Discussion of the Background 

In a brush-use DC motor, a rotor in which rotor coils are wound is fixed on a rotation 

shaft A stator applies magnetic field to the rotor via magnetic poles of the stator opposing 
magnetic poles of the rotor, Further, a DC drive current is switched corresponding to a 
rotation angle of the rotor and is applied to the rotor coils through a commutator, which 
rotates together with the rotor and through an electrode brush in sliding contact with the 
commutator. 

The commutator includes contact electrode parts integrally provided with the rotation 
shaft. The contact electrode parts include plural segments and are connected to the rotor 
coils. 
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In addition* a DC drive current is fed from a DC power supply to the electrode brash 
in sliding contact with the contact electrode parts of the commutator, and is then applied to 
the rotor coils while the flow direction of the DC drive current is switched by the 
commutator. Specifically, the flow direction of the DC drive current applied to the electrode 
brush is switched when the electrode brush switches from one segment to another segment of 
the contact electrode parts due to the rotation of the commutator. 

Generally, the commutator employed in the DC motor of this type includes a circular 
cylinder-shape, and the cylindrical surface of the commutator is divided into plural contact 
electrode parts which surround the circumference of the rotation shaft at equally angled 
intervals with a small gap separating each part. In addition, respective contact electrode parts 
connect to the rotor coils, A pair of electrode brushes connected to the DC drive power 
supply is brought into sliding" contact with the contact electrode parts of the commutator on 
the rotation angle position of. for example, 1 80° relative to the commutator. 

This type of the background brush-use DC motor is generally constructed such that a 
pair of electrode brushes is in sliding contact with the above-described contact electrode parts 
formed on the cylindrical surface of the commutator while pressing toward the axial line of 
the rotation shaft (i.e., in substantially the radial direction). 

For example, FIG, 17 illustrates a three-pole brush-use DC motor. In the three-pole 
motor, electricity is fed to a commutator CMO which is in sliding contact with a pair of 
electrode brushes B01 and B02 from a DC drive power supply EO through the paired 
electrode brushes B01 and BOZ The paired electrode brushes B01 and B02 are brought into 
contact with the commutator CMO on rotation angle positions different by 1 80°, The 
commutator CMO includes three pieces which form a cylindrical surface and rotates together 
with a rotor of the DC motor. The three pieces of the commutator CMO are separated at 
equally angled intervals of about 120°, 
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Further, three rotor coils are connected to each other between the adjacent pieces of 
the commutator CMO a and thereby three rotor magnetic poles are formed therebetween. The 
polarity of these rotor magnetic poles varies depending on the contact state of each piece of 
the commutator CMO and the electrode brushes B01 and B02 which changes corresponding 
5 to the rotation angle of the rotor. Thereby, a rotation driving force is generated between, for 
example, a pair of stator magnetic poles of a permanent magnet at the side of a stator (not 
shown). 

With the rotation of the rotor, respective rotor magnetic poles oppose respective stator 

tfi magnetic poles in order » and the contact state of each piece of the commutator CMO and the 

12= 

yp electrode brushes B01 and B02 changes. Thus, by -varying the polarity of each rotor 
: y magnetic pole in order, the rotor continually rotates. 

J* Specifically, when a voltage is applied to the paired electrode brushes B01 and B02 

m from the power supply EO, the current flows from one of the electrode brushes B01 and B02 
M, to the other through the rotor coils. The magnetic field is generated by the rotor coils, and 
fis thereby the rotor magnetic poles are formed, By the action of the magnetic field generated by 
the rotor coils and the magnetic field generated by the stator magnetic poles, the rotor rotates. 

As a method of detecting the rotation of the above-described motor, a rotary encoder 
method is known- Specifically > in the rotary encoder method, a rotation slit disk having slits 
on the circumferential surface thereof is provided on a rotation output shaft of the motor or in 
20 a power transmission mechanism rotated by the rotation output shaft- The rotation of the 

motor is detected by detecting the slits on the circumferential surface of the rotation slit disk 
with a photointeixupter. Although the rotary encoder method allows an accurate detection of 
the rotation of the motor, the space and cost for the rotary encoder constructed by the rotation 
slit disk and the photointerrupter are inevitably increased. 
25 Further, in the above-described brush-use DC motor in which the electrode brushes 

3 



itf tn+4,i i- Q r. r n r+ f\ ^ I V 



Received at: 9:32PM, 6/6/2001 




are brought into sliding contact with the cylindrical surface of the commutator while pressing 
toward the axial line of the rotation shaft, assembling the commutator and the electrode 
brushes is typically difficult in the DC motor. 

Specifically, in this type of DC motor, because the electrode brushes are configured to 
5 press the cylindrical surface of the commutator, the bnish-to-brush spatial distance is 

narrower than die diameter of the commutator, For this reason, in assembling the motor, the 
commutator needs to be inserted in the narrow space between the electrode brushes. This 
may cause the deformation of the electrode brushes due to contact with the commutator 
;f during assembly. 

./ jo Further, to avoid the positional deviation of the electrode brush in the axial direction 

rf of the rotation shaft and to avoid the electrode brush falling from the circumference surface 
a "' of the commutator when the DC motor rotates, flanges of a relatively large diameter may be 
5 formed at both ends of the cylinder-shaped commutator. These flanges also make assembling 
P- the DC motor difficult. 

H 5 Moreover, in the above-described DC motor, because the commutator has a cylinder 

shape, the commutator occupies a larger space expanding in the thrust direction along the 
axis of the rotation shaft of the DC motor. 



SUMMARY OF THE INVENTION 
According to one aspect of the present invention, a direct current motor includes a 
20 rotor having a rotation shaft and rotor coils, a stator configured to apply a magnetic field to 
the rotor via magnetic poles of the stator opposing magnetic poles of the rotor, an electrical 
parts mounting base board fixed on the rotation shaft such that the rotation shaft 
perpendicularly intersects the electrical parts mounting base board, and a commutator having 
a contact electrode part foimed with a plane conductive layer pattern and connected to the 
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rotor coils- The contact electrode part is formed on the electrical parts mounting base board. 

The direct current motor further includes a pair of electrode brushes in sliding contact with 

the contact electrode part of the commutator and configured to supply electric power to the 

rotor coils through the commutator. 
5 According to another aspect of the present invention, the direct current motor also 

includes at least one rotation detecting brush in sliding contact with the contact electrode part 

of the commutator and configured to detect a signal on the commutator indicative of an 

operation of the direct current motor. 
£ The present invention also includes a method of making a direct current motor. The 

jjf) method includes forming the contact electrode part of the commutator with a plane 
U conductive layer pattern on the electrical parts mounting base board, fixing the electrical 
s parts mounting base board on the rotation shaft such that the rotation shaft perpendicularly 

•bar 

B\ intersects the electrical parts mounting base board, providing the pair of electrode brushes on 
T»» a support base, and assembling the support base onto the electrical parts mounting base board 
H"5 and the rotation shaft such that the electrode brushes are in sliding contact with the contact 

electrode part of the commutator in the same plane. 

Further, in the example in which the direct current motor includes at least one rotation 

detecting brush, the providing step provides the pair of electrode brushes and the at least one 

rotation detecting brush on a support base, and the assembling step assembles the support 
20 base onto the electrical parts mounting base board and the rotation shaft such that the 

electrode brushes and the at least one rotation detecting brush are in sliding contact with the 

contact electrode part of the commutator in the same plane. 

BRIEF DESCRIPTION OF THE DRAWINGS 
A more complete appreciation of the present invention and many of the attendant 
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advantages thereof will be readily obtained as the same becomes better understood by 
reference to the following detailed description when considered in connection with the 
accompanying drawings, wherein: 

FIG. 1 is a vertical longitudinal sectional view of a DC motor according to a first 
5 embodiment of the present invention; 

FIG. 2 is a transverse cross-sectional view of the DC motor of FIG. I and illustrates 
constructions of a commutator and electrode brushes; 

_ FIG. 3 is a vertical longitudinal sectional view of a DC motor according to a second 

if* 

embodiment of the present invention; 
4b FIG. 4 is a transverse cross-sectional view of the DC motor of FIG. 3 and illustrates 

M constructions of a commutator, electrode brushes, and a nng varistor; 
s FIG. 5 is a transverse cross-sectional view of die DC motor of FIG. 3 and illustrates 

EH constructions of the commutator and the ring varistor; 

J" FIG. 6 is a vertical longitudinal sectional view of a DC motor according to a third 

^5 embodiment of liie present invention; 

FIG- 7 is a transverse cross-sectional view of the DC motor of FIG, 6 and illustrates 
constructions of a commutator, and a printed resistance; 

FIG. 8 is a transverse cross-sectional view of the DC motor of FIG, 1 and illustrates 
an alternative arrangement of the electrode brushes; 
20 FIG, 9 is a vertical longitudinal sectional view of a DC motor according to a fourth 

embodiment of the present invention; 

FIG, 1 0 Is a transverse cross-sectional view of the DC motor of FIG. 9 and illustrates 
constructions of a commutator, electrode brushes, and rotation detecting brushes; 

FIG. 1 1 is a vertical longitudinal sectional view of a DC motor according to a fifth 
25 embodiment of the present invention; 
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FIG. 12 is a transverse cross-sectional view of the DC motor of FIG. 1 1 and illustrates 
constructions of a commutator, electrode brushes, rotation detecting brushes- and a ring 
varistor; 

FIG. 13 is a vertical longitudinal sectional view of a DC motor according to a sixth 
5 embodiment of the present invention; 

FIG. 14 is a transverse cross-sectional view of the DC motor of FIG. 9 and illustrates 
an alternative arrangement of the electrode brushes and the rotation detecting brushes; 
FIG. 15 is a schematic view of an alternative construction of the electrode brush; 
FIG- 16 is a schematic circuit diagram illustrating an example of a DC motor in which 
10 a rotation detecting brush is arranged in a position inclined by 60° relatively to an electrode 
brush; and 

FIG* 17 is a schematic circuit diagram employing a three-pole DC motor according to 
a background art. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 Preferred embodiments of the present invention vyill now be described in detail 

referring to the drawings, wherein like reference numerals designate identical or 
corresponding parts throughout the several views. 

FIGS. 1 and 2 illustrate a construction of a DC motor according to a first embodiment 
of the present invention. In more detail, FIG. 1 is a vertical longitudinal sectional view of the 
20 DC motor, and FIG. 2 is a transverse cross-sectional view of the DC motor of FIG, 1 and 
illustrates constructions of a commutator and electrode brushes. 

The DC motor illustrated in FIGS. 1 and 2 includes a case 1 1, a stator 12. a support 
base 13, an upper bearing 14, a lower bearing 15, a pair of electrode brushes 16, a rotation 
shaft 21 , a rotor 22, and a printed circuit board 23. 
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The case 1 1, the stater 12, the support base I3 t the upper beating 14, the lower 
bearing 15, and the electrode brushes 16 are the elements belonging to a stator section side 
and do not rotate. The rotation shaft 21, the rotor 22, and the printed circuit board 23 are the 
elements belonging to a rotor section side a»d rotate. The rotor 22 and the printed circuit 
5 beard 23 are integrally provided with the rotation shaft 21 . 

The pair of electrode brushes 16 includes a first electrode brush 16A and a second 
electrode brash 16B (the first electrode brush 16A and the second electrode brush 16B may 
^ be collectively referred to the electrode brushes 16). The first electrode brush 16A and the 
|i second electrode brush 1 6B are formed in a rotationally symmetrical state relative to the 
>ll 0 rotation shaft 21 . 

H As illustrated in FIG. 2, part of the first electrode brush 16A is split into two separate 

1. portions 1 6Aa and 1 6 Ab. A slit having a width wider than each width of the separate 

p portions 16Aa and 16Ab is formed between the separate portions 16Aa and 16Ab, Like the 

J! first electrode brush 16A, part of the second electrode brush 16B is split into two sqjarate 

H 15 portions 1 6Ba and 16Bb having substantially the same width as that of the separate portions 
16Aa and 16Ab- A slit having a width wider than each width of the separate portions 16Ba 
and 16Bb is also formed between the separate portions 16Ba and 16Bb, 

In addition, the rotor 22 includes rotor coils 22a and a rotor core 22b (see FIG. 1). 
The printed circuit board 23 is fortned of, for example, a conductive foil on which a 
20 conductive layer pattern is formed, and includes a commutator section (hereinafter referred to 
as a commutator) and extending parts 23b. As illustrated in FIG, 2, the commutator includes 
somewhat sector-shaped three contact electrode parts 23a (Le. 3 three segments) separated at 
an equally angled interval of about 120' with a small gap separating each contact electrode 
part 23 along the radial direction. The extending parte 23b extend radially from the contact 
25 electrode parts 23a in three directions. The extending parts 23 b are also somewhat sector- 
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shaped and are arranged around the commutator being separated at equally angled interval of 
a relatively smaller angle than the contact electrode parts 23a. 

The case 1 1 has a cylinder-like shape and a somewhat oblong shaped transverse 
cross-sectional configuration. Further, the stator 12 is fixed on the inner circumference 
5 surface of the case 1 1 • The stator 12 includes, for example, two cylindrical permanent 

magnets and is magnetized such that a predetermined number of magnetic poles (e.g., two 
magnetic poles in this embodiment) are formed on the circular circumference of the inner 
surface thereof 

O j n addition, the support base 1 3 closes the lower end of the cylinder case 1 1 to form a 

bottom surface. The upper bearing 14 closes the upper end of the cylinder case 1 1 and 
si includes a through-hole in the center thereof so as to pass and rotatably hold the rotation shaft 
lj 21 therethrough The lower bearing 1 5 Is engaged and held in a concave portion formed in 
O the center of the support base 13 and rotatably holds the lower end of the rotation shaft 2L 
1 U The electrode brushes 16 are fixed on the inside surface of the support base 13 at their 

El fixing base end portions. The separate portions 16Aa and 16Ab and the separate portions 
1 6Ba and 1 6Bb are brought into sliding contact with the contact electrode parts 23a with an 
appropriate contact pressure, Further, electric power is supplied to the rotor coils 22a of the 
rotor 22 from a drive power supply (not shown) through the first and second electrode 
brushes 16A and 16B. 

20 The first and second electrode brushes 16A, 16B are brought into sliding contact with 

the contact electrode parts 23a on rotation angle positions different by 180°, Respective tip 
ends of extending portions of the first and second electrode brushes 16A and 16B protrude 
outward from the outside surface of the support base 13 to serve as external terminals 16c 
(illustrated in FIG. 1) for connection. 

2s The rotation shaft 21 is rotatably held by the upper bearing 14 and the lower bearing 
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15 respectively arranged ai the upper and lower ends of the case 1 L The moving of the 
rotation shaft 21 in the thrust direction along the axis of the rotation shaft 21 is regulated 
within a predetermined range, Further, in the rotor 22, the rotor coils 22a are wound around 
the rotor core 22b fixed on the rotation shaft 21. 
5 Hie printed circuit board 23 is formed in an almost circular disc shape or in a circular 

shape having at least one flat surface- The printed circuit board 23 fixes on the rotation shaft 
21 such that the rotation shaft 21 perpendicularly intersects the printed circuit board 23 at the 
center portion thereof. 

pi One surface of the printed circuit board 23, as described above, includes the 

ijj commutator with the contact electrode parts 23a and the extending parts 23b. The contact 
%| electrode parts 23a are led to a peripheral portion of the printed circuit board 23 through the 
M extending parts 23b, and are connected to the rotor coils 22a. 

^ The printed circuit board 23 may be formed using etch, evaporation, and printing 

" H techniques. For example, the printed circuit board 23 may be formed such that a conductive 
pf foil is formed on at least one surface of an insulation base board, and a necessary portion of 
*** the conductive foil is caused to remain and other portions are removed by an etch technique. 

As stated above, the commutator includes the contact electrode parts 23a formed of 
the conductive foil on one surface of the flat disc-shaped printed circuit board 23. The 
electrode brushes 16, which are previously fixed to the support base 13, press the surface of 
20 the contact electrode parts 23a in the axial direction of the rotation shaft 21 . 

In assembling the DC motor, because the printed circuit board 23 and the support base 
13 holding the electrode brushes 16 are merely assembled in order along the axial direction of 
the rotation shaft 2 1 , there is no interference between the commutator and the electrode 
brushes 16 during assembly. Therefore, deformation of the electrode brushes 16 due to 
25 contact with the commutator during assembly does not occur. Consequently, the reliability of 
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the motor operation is ensured. 

Further because the commutator is arranged on the flat printed circuit board 23, and 
the pair of electrode brushes 1 6A and 1 6B contacts the surface of the commutator in the same 
plane, the commutator and the support base 13 holding the electrode brushes 16 can be easily 
5 and smoothly assembled. Further, because it is easier to assemble the DC motor, mass- 
productivity of the DC motor is improved. 

With the above-described construction, the number of construction parts and the 
number of manufacturing processes can be reduced. As a result, the cost of the DC motor 
O can be lowered. 

if* 

% Moreover, because the commutator is formed on the flat printed circuit board 23 ? the 

"2 ;! axially extending space occupied by the commutator can be reduced when compared to the 
'f] cylinder-shaped background commutator. Accordingly, the size of the DC motor in the axial 
^ direction of the rotation shaft 21 can be effectively reduced. 

'f [ Further, as described above, the electrode brushes 16 are fixed on the inside surface of 

£5 the support base 1 3. In addition, the external teimtnals 1 6c of the electrode brushes 1 6 are 
integrally mounted on the support base 13 such that the external terminals 16c protrude 
outward from the outside surface of the support base 13. Owing to the above-described 
simple and space saving construction of the DC motor, the cost and size of the DC motor is 
reduced. 

20 Turning now to FIGS. 3 through 5, which illustrate a construction of a DC motor 

according to a second embodiment of the present invention, In more detail, FIG. 3 is a 
vertical longitudinal sectional view of the DC motor, and FIG. 4 is a transverse cross- 
secdonal view of the DC motor of FIG. 3 and illustrates constructions of a commutator, 
electrode brushes, and a ring varistor. Further, FIG. S is a transverse cross-sectional view of 

25 the DC motor of FIG. 3 and illustrates constructions of the commutator atjd the ring varistor 

11 
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The construction of the DC motor of the second embodiment is substantially the same as that 
of the DC motor of the first embodiment with the exception of a ring varistor. 

The DC motor illustrated in FIGS. 3 through 5 includes a ring varistor 24 to prevent 
and absorb noises produced in the DC motor, for example, at the electrode brashes 16. The 
5 ring varistor 24 is disposed coaxially on the outer periphery of the printed circuit board 23 , 
Because the ring varistor 24 is integrally fixed on the outet periphery of the printed 
circuit board 23, the noises produced in the DC motor can be effectively reduced in a 
compact configuration of the DC motor without decreasing the case in assembling the DC 
O motor. Further, space efficiency In the DC motor can be enhanced, and a manufacturing cost 
W can be reduced, 

2\ Turning now to FIGS. 6 and 7, which illustrate a construction of a DC motor 

Cs according to a third embodiment of the present invention. In more detail FIG. 6 is a vertical 
q longitudinal sectional view of the DC motor, and FIG. 7 is a transverse cross-sectional view 
" h of the DC motor of FIG. 6 and illustrates constructions of a commutator and a printed 
ill resistance. 

In the DC motor illustrated in FIGS. 6 and 7, as an alternative to the ring varistor 24 
illustrated in FIGS. 3 through 5 9 a printed resistance 25 for removing noises is printed on the 
peripheral outer surface of the printed circuit board 23 in a ring state. Because of the printed 
resistance 25, the noises produced in the DC motor can be effectively reduced without 
20 decreasing the ease in assembling the DC motor. In addition, more space can be saved and a 
manufacturing cost can be further reduced when compared to the ring varistor 24. 

FIG. 8 is a transverse cross-sectional view of the DC motor of FIG, 1 and illustrates 
an alternative arrangement of Uie electrode brushes 16A and 1 6B relative to the commutator 
on the printed circuit board 23 . The elements of the DC motor illustrated in FIG. 8 are the 
25 same as those of the DC motor illustrated in FIG. 2. 
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Referring to HQ. 8 ? each of the separate portions 1 6Aa and 16Ab of the first electrode 
brush 16A is in sliding contact with the contact electrode parts 23a of the commutator at a 
position a predetermined distance from the axis of the rotation shaft 21 (i.e,, at a 
predetermined radial position). The sliding contact positions of the separate portions 16A& 
5 and 1 6Ab relative to the contact electrode parts 23a are apart from each other at the distance 
corresponding to the width of the slit of the first electrode brush 16A formed between the 
separate portions 16Aa and 16Ab. 

Likewise, each of the separate portions 1 6Ba and 16Bb of the second electrode brash 
m 16B is in sliding contact with the contact electrode parts 23a of the commutator at a position 
l§! a predetermined distance from the axis of the rotation shaft 2J (i.e., at a predetermined radial 
n I position). The sliding contact positions of the separate portions l6Ba and 1 6Bb relative to 
Sj the contact electrode parts 23 a are also apart from each other at the distance corresponding to 
Ci the width of the slit of the second electrode brush 16B formed between the separate portions 
16Baand 16Bb. 

W Further, the sliding contact positions of the separate portions l<5Ba and !6Bb of the 

second electrode brush 1 6B are shifted by the distance corresponding to each width of the 
separate portions 16Ba and 16Bb relative to the sliding contact positions of the separate 
portions 16Aa and 16Ab of the first electrode brush 16A, respectively, in the radial direction. 
Specifically, as shown with a one-dot-and-dash line in FIG, 8, the sliding contact 

20 positions of the separate portions 1 6 Aa, 1 6Ba, 1 6 Ab and 1 6Bb are arranged in the older of 
their decreasing radial distance from the axis of the rotation shaft 21, Thus, respective radial 
positions of the sliding contact positions of the separate portions 16Aa, 16B&, l<5Ab and 
l6Bb are shifted from each other. 

With the above-described arrangement, the respective sliding contact positions of the 

25 separate portions 16Aa, l6Ab, l6Ba ? and 16Bb do not overlap each other on the contact 
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electrode parts 23a, 

Because of the above-described alternative arrangement of the electrode brushes 16A 
and 16B illustrated in FIG. 8, wear of the contact electrode parts 23a can be substantially 
reduced, so that the durability of the contact electrode portions 23a can "be improved. 

5 The arrangement of the electrode brushes 1 6 A and 1 6B is not limited to the 

arrangement illustrated in FIG. 8, and any other arrangements may be employed, so long as 
the respective sliding contact positions of the separate portions 16Aa, 16Ab> 16Ba, and I6Bb 
do not overlap each other on the contact electrode parts 23a. The alternative arrangement of 

p the electrode brushes ISA acid 16B may be also applied to the DC motors of the second and 

1SJ third embodiments. 

y Turning now to FIGS. 9 and 10, which ilJuslrate a construction of a DC motor 

ru 

H according to a fourth embodiment of the present invention. In more detail> FIG. 9 is a 
jL vertical longitudinal sectional view of the DC motor, and FIG, 1 0 is a transverse cross- 
" j[7 sectional view of the DC motor of FIG. 9 and illustrates constructions of a commutator, 
1 Jh electrode brushes, and rotation detecting brashes. The construction of the DC motor of the 
fourth embodiment is substantially the same as that of the DC motor of the first embodiment 
illustrated in FIG. 1 , except for rotation detecting brushes. 

The DC motor illustrated in FIGS. 9 and 1 0 includes the case 1 1> the stator 12, the 
support base 13, the upper bearing 14 r the lower bearing 1 5, the paired electrode brushes 16, 
20 paired rotation detecting brushes 17, the rotation shaft 21, the rotor 22, and the printed circuit 
board 23. 

The pair of rotation detecting brushes 17 includes a first rotation detecting brush 17A 
and a second rotation detecting brush 17B (the first rotation detecting brush 17A and the 
second rotation detecting brush 1 7B may be collectively referred to the rotation detecting 
25 brushes 17). The first rotation detecting brush 17A and the second rotation detecting brush 
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j 7B are formed in a rotationaliy syrtixnetrical state relative to the rotation shaft 21. 

As illustrated in FIG. 10, die first rotation detecting brush 1 7 A and the second 
rotation detecting brush 1 7B are arcuataly outward curved. Part of the first rotation detecting 
brush 17A is split into two separate portions ] 7Aa and 17Ab, and a slit having a width wider 
5 than each width of the separate portions l7Aa and 1 7Ab is formed between the separate 
portions 17Aa and l7Ab. Like the first rotation detecting brush 17A, part of the second 
rotation detecting brush 17B is split into two separate portions 17Ba and 17Bb having 
substantially the same width as that of the separate portions 17Aa and 17Ab. Further, a slit 

p having a width wider than each width of the separate portions ITBa and 17Bb is also formed 

SB between the separate portions 17Baand 17Bb. 

jl The rotation detecting brushes 17 are fixed on the inside surface of the support base 

r\ 13 at their fixing base end portions. The separate portions 17Aa and 1 7Ab of the rotation 
L detecting brush 1 7 A and the separate portions 1 7Ba and 1 7Bb of the rotation detecting brush 
u Zl I ?B are brought into sliding contact with the contact electrode parts 23a of the commutator 
Hfe with an appropriate contact pressure to extract a voltage applied to the contact electrode parts 
23a. 

Further, the first rotation detecting hrqsh 17A and the second rotation detecting brush 
17B are brought into sliding contact with the contact electrode parts 23a on rotation angle 
positions different by 180°. In addition, the sliding contact positions of the first and second 
20 rotation detecting brushes 1 7 A and 1 7B are shifted by a predetermined rotation angle less 

than 60° (e.g., 40° in this embodiment) relative to the sliding contact positions of the first and 
second electrode brushes 16A and 16B, respectively, 

Respective tip ends of extending portions of the first and second rotation detection 
brushes 17A and 17B protrude outward from the outside surface of the support base 13 to 
2S serve as external terminals 17c (illustrated in FIG. 9) for connection. The rotation detecting 
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brushes 17 detect a signal on the contact electrode parts 23a of the commutator on the printed 
circuit board 23 indicative of an operation of the DC motor and output a signal via external 
terminals 17c. 

In the DC motor of the fourth embodiment thus constructed, the commutator includes 
5 the contact electrode parts 23a formed of the conductive foil on one surface of the flat disc- 
shaped printed circuit board 23 . The electrode brushes 1 6 and the rotation detecting brushes 
1 7 which are previously fixed to the support base 1 3 press the surface of the contact electrode 
parts 23a in the axial direction of the rotation shaft 21. 
Ji Because the printed circuit board 23 and the support base 13 holding the electrode 

4p brushes 1 6 and the rotation detecting brushes 1 7 are merely assembled in order along the 
fli axial direction of die rotation shaft 21 , there is no interference between the commutator and 
N the brushes 1 6 and 1 7 during assembly. Therefore, deformation of the electrode brushes 1 6 
y and the rotation detecting brushes 17 due to contact with the commutator during assembly 
*r? does not occur. Consequently, the reliability of the rotation detecting signal and the motor 
|l operation is ensured. 

Further* because the commutator is arranged on the flat printed circuit board 23 and 
the brushes 16 and 17 contact the surface of the commutator in the same plane, the 
commutator and the support base 13 holding the electrode brushes 16 and the rotation 
detecting brushes 1 7 can be easily and smoothly assembled. In addition, because the ease in 
20 assembling the DC motor is increased, mass-productivity of the DC motor is improved. 

Also in the DC motor of the fourth embodiment, rotational operation of the DC motor 
can be effectively detected by the rotation detecting brushes 17 with a simple and compact 
configuration. 

Further, with the above-described construction, the number of construction parts and 
25 the number of manufacturing processes can be reduced. As a result, the cost of the DC motor 
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cau be lowered. 

Moreover, because the commutator is formed on the flat printed circuit board 23, the 
axially extending space occupied by the commutator can be reduced when compared to the 
cylinder-shaped background commutator. Accordingly, the size of the DC motor in the axial 
direction of the rotation Shaft 21 can be effectively reduced. 

Moreover, as described above, the electrode brashes ] 6 and the rotation detecting 
brushes 17 are fixed on the inside surface of fee support base 13. Further, the external 
terminals 16c of the electrode brushes 1 6, and the external terminals 17c of the rotation 
detecting brushes 17 are integrally mounted on the support base 13 such that the external 
terminals 16c and 1 7c protrude outward from the outside surface of the support base 13. 
Owing to the above-described simple and space saving construction of the DC motor, the cost 
and size of the DC motor is reduced. 

Turning now to FIGS. 1 1 and 12, which illustrate a construction of a DC motor 
according to a fifth embodiment of the present invention. In more detail, FIG. 11 is a vertical 
longitudinal sectional view of the DC motor, and FIG. 12 is a transverse cross-sectional view 
of the DC motor of FIG, 1 1 and illustrates constructions of a commutator, electrode brushes, 
rotation detecting brushes, and a ring varistor, A transverse cross-sectional view of the DC 
motor of FIG. 1 1 illustrating constructions of the commutator and the ring varistor is 
common to FIG. 5. 

The construction of the DC motor of the fifth embodiment is substantially the same as 
that of the DC motor of the fourth embodiment except for a ring varistor, Also, the 
construction of the DC motor of the fifth embodiment is substantially the same as that of the 
DC motor of the second embodiment except for rotation detecting brushes, 

The DC motor illustrated in FIGS. 1 1 and 12 includes the ring varistor 24 to prevent 
and absorb noises produced in the DC motor, for example, at the electrode brushes 16 and the 
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rotation delecting brushes 17. The ring varistor 24 is disposed coaxially on the outer 
periphery of the printed circuit board 23. 

Similarly as in the DC motor of the second embodiment, because the ring varistor 24 
is integrally fixed on the outer periphery of the printed circuit board 23, the noises produced 
5 in the DC motor can be effectively reduced in a compact configuration of the DC motor 

without decreasing the ease in assembling the DC motor. Further, space efficiency in the DC 
motor can be enhanced, and a manufacturing cost can be reduced. 

Turning now to FIG. 13, which illustrates a construction of a DC motor according to a 
trj sixth embodiment of the present invention. In more detail, FIG. 13 is a vertical longitudinal 
W sectional view of the DC motor, and a transverse cross-sectional view of the DC motor of 

FIG. 13 illustrating constructions of a commutator and a printed resistance is common to 
y FIG. 7. The construction of the DC motor of the sixth embodiment is substantially the same 
m as that of the DC motor of the third embodiment with the exception of rotation detecting 
j^L brushes. 

1§1 In the DC motor illustrated in FIG. 1 3, as an alternative to the ring varistor 24 

illustrated in FIGS . 1 1 and 12, the printed resistance 25 for removing noises is printed on the 
peripheral outer surface of the printed circuit board 23 in a ring state. 

Similarly as in the DC motor of the third embodiment, owing to the printed resistance 
25, (he noises produced in the DC motor can be effectively reduced without decreasing the 

20 ease in assembling the DC motor, In addition, space can be saved and a manufacturing cost 
can be further reduced when compared to the ring varistor 24. 

Referring now to FIG. 1 4, which is a transverse cross-sectional view of the DC motor 
of FIG. 9 7 and which illustrates an alternative arrangement of the electrode brushes 16A and 
16B and the rotation detecting brushes 17 A and 17B relative to the commutator on the 

25 printed circuit board 23. The elements of the DC motor illustrated in FIG. 14 are the same as 
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those of the DC motor illustrated in FIG. 10, 

As shown in FIG. 14, each of the separate portions 16Aa and 16Ab of the first 
electrode brush 16A is in sliding contact with the contact electrode parts 23a of the 
commutator at a position a predetermined distance from the axis of the rotation shaft 21 (i.e., 
5 at a predetermined radial position). The sliding contact positions of the separate portions 

1 6Aa and 1 6Ab of the first electrode brush 16A relative to the contact electrode parts 23a are 
apart from each other at the distance corresponding to the width of the slit of the first 
electrode brush 16A formed between the separate portions 1 6Aa and 16Ab. 
£1 Likewise, each of the separate portions 16Ba and 1 6Bb of the second electrode brush 

■Lil 

Id; 16B is in sliding contact with the contact electrode parts 23a of the commutator at a position 
12 a predetermined distance from the axis of the rotation shaft 21 (i.e., at a predetermined radial 
position). The sliding contact positions of the separate portions 16Ba and 1 6Bb of the second 
m electrode brush 1 6B relative To the contact electrode parts 23a are also apart from each other 
" M at the distance corresponding to the width of the slit of the second electrode brush 16B 
f5= formed between the separate portions 16Ba and 1 6Bb. 

Further, the sliding contact positions of the separate portions 1 6Ba and 16Bb of the 
Second electrode brush 16B are shifted by the distance corresponding to each width of the 
separate portions 16Ba and 1 6Bb relative to the sliding contact positions of the separate 
portions 16Aa and 16Ab of the first electrode brush 16A, respectively, in the radial direction. 
20 Specifically, as shown with a one-dot-and-dash-line in FIG. 1 4, the sliding contact positions 
of the separate portions 16Aa> 16Ba, l6Ab and 1 6Bb are arranged in the order of their 
decreasing radial distance from the axis of the rotation shaft 21 , 

On the other hand, each of the separate portions 17Aa and 17Ab of the first rotation 
detecting brush 17A is in sliding contact with the contact electrode parts 23a of the 
25 commutator at a position radially outward from the sliding contact position of the separate 
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portion IGAa of the first electrode brush 16A, which is located at the most distant positioxi 
from the axis of the rotation shaft 21 of all the separate portions I6Aa, 16Ab> 16Ba, and 
16Bb of the first and second electrode brushes 16A and 16B, 

The sliding contact positions of the separate portions 17Aa and 1 7Ab of the first 
5 rotation detecting brush 17A relative to the contact electrode parts 23a are apart from each 
other at the distance corresponding to the width of the slit of die first rotation detecting brush 
1 7A formed between the separate portions 17Aa and 17Ab. 

Further the sliding contact positions of the separate portions 17Ba and 17Bb of the 
second rotation detecting brush 17B are outward, from the above-described sliding contact 
iflj position of the separate portion l€Aa of the first electrode brush 16A, end are shifted by the 
fij distance corresponding to each width of the separate portions 1 TBa and 1 7Bb relative to the 
SI sliding contact positions of the separate portions 17Aa and 17Ab of the first rotation 
CI detecting brush 17A. respectively, in the radial direction. 

H Like the first rotation detecting brush 17A ? the sliding contact positions of the 

lp separate portions l7Ba and I7Eb of the second rotation detecting brush 17B relative to the 
contact electrode parts 23a are apart from each other at the distance corresponding to the 
width of the slit of the second rotation detecting brush 17B formed between the separate 
portions lTBaand 17Bb. 

Specifically, as shown with the one-dot-and-dash-line in FIG. 14, the sliding contact 
20 positions of the separate portions 17Ba, 17Aa, 17Bb 7 17Ab, 16Aa, ISBa, 16Ab and 16Bb are 
arranged in the order of their decreasing radial distance from the axis of the rotation shaft 21, 
Thus, respective radial positions of the sliding contact positions of the separate portions 
17Ba, 17Aa, 17Bb 3 17Ab, 16Aa> 16Ba, 16Aband 16Bb are shifted from each other. 

With the above-described arrangement, the respective sliding contact positions of the 
25 separate portions l6Aa, 16Ab> I6Ba, l6Bb 4 17Aa> 17Ab, 17Ba, and 1 7Bb do not overlap 

\ 
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each other on the contact electrode parts 23a 

Owing to the above-described alternative arrangement of the electrode brushes 16A 
and 16B, and the rotation detecting brashes 17A and 17B illustrated in FIG. 14, wear of the 
contact electrode parts 23a can be substantially reduced so that the durability of the contact 
5 electrode portions 23a can be improved. 

The arrangement cf the electrode brushes 16A and 16B, and the rotation detecting 
brushes 17A and 17B is not limited to the arrangement illustrated in FIG, 14, and any other 
if) arrangements may be employed so long as the respective sliding contact positions Of the 

SI separate portions 16Aa, 16Ab, 16Ba > 16Bb> 17Aa, 17Ab, 17Ba, and 17Bb do not overlap 

p J i o each other on the contact electrode parts 23a, 

~" The above-described alternative arrangement of the electrode brushes 1 6A and 16B 

jjf and the rotation detecting brushes 17A and 17B may be also applied to the DC motors of die 

^ fifth and sixth embodiments, 

Zi When electrode brushes and at least one rotation detecting brush are provided in a DC 

15 motor like the DC motors of the fourth through sixth embodiments, an appropriate 

connecting condition of the electrode brushes and the rotation detecting brush is requited. 

Specifically, referring to FIG. 16 a an electrode brush Bl contacts right and left upper 
conductive pieces of commutator CM, a rotation detecting brush D (only one rotation 
detecting brush is provided in this example) contacts the right upper and lower conductive 
20 pieces of the commutator CM, and an electrode brush B2 contacts the lower conductive piece 
of the commutator CM. Thereby, the electrode brush Bl connected to the positive (+) side of 
a power supply E is connected to the electrode brush B2, which is oonnscted to the negative 
(-) side of the power supply E, through the right upper conductive piece of the commutator 
CM, the rotation detecting brush D, and the lower conductive piece of the commutator CM. 
25 In the above-described connecting condition of the electrode brushes Bl and B2 and 
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the rotation detecting brush D. bolii terminals of the power supply E can be short-circuited. 
Although no serious problem occurs wh«n the DC motor rotates in a high speed* a serious 
problem occurs when the DC motor stops rotating in the short-circuited state of the power 
supply E. 

5 Generally, coils are wound around an iron core of a rotor of a DC motor. When 

current does not flow through the coils, the iron core of the rotor is attracted to a magnetic 
pole of a stator employing a permanent magnet In a case of a three-pole DC motor, for 
example, stable points created by the attraction force exist on 6 positions per one rotation of 
3 the rotor. If the rotation detecting brush D is brought into contact with the commutator CM 
W at a position different from the position corresponding to the above-described stable points* 
fU the above-described short-circuiting condition problem may be eliminated. However, 
basically, it is preferable to avoid the short-circuited state of the power supply E. 

In order to avoid the short-circuited state of the power supply E, the angle formed 
[7 between Hie rotation detecting brush D and one of the electrode brushes B I and B2 located at 
||f near side of the rotation detecting brush D should be less than 60° in the case of three-pole 
DC motor. In the case of n-pole DC motor (n is a natural number of 3 or greater), the angle 
should be less than (180 /n)*. 

As a result by setting the sliding contact position of the rotation detecting brush D 
with the commutator CM to the above-described rotation angle position, the reliability of the 
20 rotation detecting signal and the motor operation can be improved. 

For the above-described reason, in the DC motors of the present invention, the sliding 
contact positions of the first and second rotation detecting brushes 1 7A and 17B are shifted 
by 40° relative to the sliding contact positions of the first and second electrode brushes 16A 
and 1 6B, respectively. Although the pair of rotation detecting brushes 17A and 17B is 
25 provided in the DC motors of the present invention, at least one rotation detecting brush may 
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be provided. 

Referring now to FIG. 1 5, which illustrates an electrode brush having an alternative 
construction. As an alternative to the separate portions l6Aa and 16Ab of the first electrode 
brush 16Aand the separate portions 16Ba and 16Bb of the second electrode brush 16B, an 
5 electrode brush 30 includes separate portions 30a and 30b. As illustrated in FIG. 15 y each 
rotation angle position of the sliding contact of the separate portions 30a and 30b is 
somewhat shifted relative to the contact electrode parts 23a. 

When an electrode brush switches from one segment to another segment of contact 
? electrode parts due to rotation of a commutator, the electrode brush may bound at a small gap 
jfej formed between one segment and another segment of contact electrode parts especially in a 
jjjf high speed rotation of a DC motor. In such a case, the electrode brush is away from the 

contact electrode parts, thereby causing the DC motor to be in an unstable condition- 
m However, with the above-described construction of the electrode brush 30, at least 

M one of the separate portions 30a and 30b contacts the contact electrode parts 23a when the 
1£ electrode brush 30 passes over the gap formed between one segment and another segment of 
the contact electrode parts 23a, Thereby, the above-described unstable condition of the DC 
motor is obviated, so that the reliability of the DC motor is enhanced, 

In the above-described DC motors of the present invention, the printed circuit board 
23 is employed as an electrical parts mounting base board, and the commutator is formed of a 
20 plane conductive layer. By use of the printed circuit board 23, the cost of the DC motor can 
be reduced. However, other electrical parts mounting base board may be employed to 
achieve substantially the same effects as in the printed circuit board 23. 

Further, the shapes of the electrode brushes 16 and the rotation detecting brushes 17 
are not limited to those illustrated in the above-described embodiments, but any other shapes 
25 can be employed. 
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Numerous additional modifications and variations of the present invention are 
possible in light of the above teachings. It is therefore to be understood that within the scope 
of the appended claims, the present invention may he practiced otherwise than as specifically 



described herein. 
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